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Endogenous doesn’t always mean innocuous: a scoping review of iron toxicity by 
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Abstract 
Ambient air pollution is a leading risk factor for the global burden of disease. One possible pathway of 
particulate matter (PM)-induced toxicity is through iron (Fe), the most abundant metal in the atmosphere. 
The aim of the review was to consider the complexity of Fe-mediated toxicity following inhalation 
exposure focusing on the chemical and surface reactivity of Fe as a transition metal and possible 
pathways of toxicity via reactive oxygen species (ROS) generation as well as considerations of size, 
morphology, and source of PM. A broad term search of 4 databases identified 2189 journal articles and 
reports examining exposure to Fe via inhalation in the past 10 years. These were sequentially analyzed by 
title, abstract and full-text to identify 87 articles publishing results on the toxicity of Fe-containing PM by 
inhalation or instillation to the respiratory system. The remaining 87 papers were examined to summarize 
research dealing with in vitro, in vivo and epidemiological studies involving PM containing Fe or iron oxide 
following inhalation or instillation. The major findings from these investigations are summarized and 
tabulated. Epidemiological studies showed that exposure to Fe oxide is correlated with an increased 
incidence of cancer, cardiovascular diseases, and several respiratory diseases. Iron PM was found to 
induce inflammatory effects in vitro and in vivo and to translocate to remote locations including the brain 
following inhalation. A potential pathway for the PM-containing Fe-mediated toxicity by inhalation is via 
the generation of ROS which leads to lipid peroxidation and DNA and protein oxidation. Our 
recommendations include an expansion of epidemiological, in vivo and in vitro studies, integrating 
research improvements outlined in this review, such as the method of particle preparation, cell line type, 
and animal model, to enhance our understanding of the complex biological interactions of these particles. 
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As	 a	 highly	 reactive	 transition	 metal	 iron	 can	 initiate	 Fenton-like	 reactions	 (equation	 2	 Figure	 5)	
which	generate	reactive	oxygen	species	(ROS)	which	can,	in	turn,	promote	localized	adverse	health	
effects	 (Beck-Speier	 et	 al.	 2009).	 The	 hydroxyl	 radical,	 which	 is	 produced	 via	 this	 reaction,	 is	




































low	 biosolubility	 of	 iron	 and	 the	 sequestering	 of	 free	 iron	 by	 binding	 proteins	 (Beck-Speier	 et	 al.	
2009).	Under	normal	biological	conditions	iron	is	stored	as	an	iron-ferritin	complex,	however,	under	
pathological	conditions	associated	with	the	production	of	ROS,	e.g.	cancer	and	atherosclerosis,	iron	
can	 be	 released.	 Free	 iron	 can	 be	 reduced	 to	 Fe2+	 and	 then	 participate	 in	 the	 Fenton	 reaction	 to	
produce	the	hydroxyl	radical	(Singh	et	al.	2010).	An	in	vitro	study	showed	that	iron	oxide	NPs	(Fe2O3)	
caused	 an	 increase	 in	 endothelial	 cell	 permeability,	 mediated	 via	 ROS-modulated	 microtubule	
remodelling	 leading	 to	 the	 formation	 of	 intercellular	 gaps	 (Apopa	 et	 al.	 2009).	 This	 permeability	




































al.	 2009).	We	 know	 that	 iron	 becomes	 bioavailable	 following	 inhalation	 as	 studies	 have	 shown	 a	





































































(1) Deposition	 of	 particles	 in	 the	 lung	 provokes	 a	 low-grade	 alveolar	 inflammation	 with	 a	










Transition	 metals,	 including	 iron,	 in	 dust/soil	 have	 shown	 significant	 positive	 correlation	 with	
endothelin-1,	 intercellular	 adhesion	 molecule	 1	 and	 Ox-LDL	 which	 are	 biomarkers	 of	 endothelial	
function	 (Wu	 et	 al.	 2015;	 Wu	 et	 al.	 2016a).	 Increased	 levels	 of	 these	 biomarkers	 have	 been	
associated	with	an	elevated	risk	of	atherosclerosis	and	cardiovascular	disease.	When	serum	ferritin	
levels	are	high	under	 inflammatory	conditions	 there	are	also	hypercoagulability	and	 fibrin	changes	






































Particles	 generated	 for	 in	 vitro	 research	 by	 various	 methods	 vary	 in	 size,	 surface	 area	 and	














Iron	 oxides	 in	 different	 oxidation	 states	 also	 have	 varied	 morphologies.	 Comparative	 studies	
determined	 that	 needle-like	 γ-Fe2O3	 showed	a	higher	 level	 of	 toxicity	 compared	 to	 the	equivalent	
spherical	 Fe3O4	NPs	 (Figure	 9)	 (Park	 et	 al.	 2015).	 Similarly,	 rod-shaped	 particles	were	 significantly	
more	cytotoxic	than	spherical	nano	or	micro	Fe2O3	particles	in	rat	macrophage	cells	(Lee	et	al.	2014).	






Exposure	 to	 iron	oxides	occurs	 in	a	variety	of	occupations,	 including	welding,	 foundry	work,	metal	
forming	 and	 manufacturing,	 as	 well	 as	 iron-ore	 mining	 and	 transport.	 Generally,	 workers	 are	




























































































Geogenic	 dust	 is	 naturally-derived	 inorganic	 mineral	 PM	 from	 the	 desert.	 There	 have	 been	 few	
studies	on	PM	 from	 this	 source	due	 to	 limited	monitoring	 in	 these	 rural,	 arid	 areas.	Quantity	 and	









small	 decreases	 in	 CD4+	 and	 CD8+	 cells	 (DeWitt	 et	 al.	 2017).	 There	 was	 also	 a	 small	 increase	 in	
creatinine	levels	indicating	low	levels	of	nephrotoxicity	(DeWitt	et	al.	2017).		
Urban	Air	Pollution	
Iron	 containing	 ambient	 PM	 has	 been	 associated	with	 road	 dust	 and	 brake	 abrasion	 from	motor	
vehicles	 (Hoogh	 et	 al.	 2013).	 California	 6-cities	 found	 a	 significant	 correlation	 for	 iron	 in	 ambient	
PM2.5	 in	association	with	 respiratory	hospitalization	 in	<5	year	olds	 following	a	3-day	 lag,	however	
there	was	no	corresponding	association	for	5-18	year	olds	(Ostro	et	al.	2009).	An	earlier	study	found	
iron	in	PM2.5	was	significantly	correlated	with	all	cause,	cardiovascular	and	>65	years	of	age	mortality	
















can	be	bound	 to	polycyclic	aromatic	hydrocarbons	 (PAHs)	and	heavy	metals	 (Gminski	et	al.	2011).	
Chronic	 inflammation	 and	 lung	 fibrosis	 have	 been	 shown	 in	 animal	 models	 following	 long-term	
inhalation	exposure	to	toner.	In	vitro	analysis	of	toners	containing	<30%	iron	(by	weight)	showed	no	
cytotoxicity	 and	 only	moderate	 genotoxicity	which	 the	 authors	 attributed	 to	 PAHs	 (Gminski	 et	 al.	



































































Length	 of	 exposure	 in	 studies	 is	 also	 important	with	 the	 separation	 of	 short	 term	 and	 long	 term	
health	 effects	 necessary.	 There	 have	 been	 very	 few	 studies	 looking	 at	 long	 term	 exposure,	
particularly	 in	 in	 vivo	 models	 (Valavanidis	 et	 al.	 2008).	Wu	 et	 al.	 (2016a)	 found	 that	 associations	
based	 on	 exposure	 metrics	 of	 2-7	 day	 moving	 averages	 when	 considering	 PM	 exposure	 were	
stronger	 than	 those	 based	 on	 single	 day	 metrics,	 suggesting	 cumulative	 exposure	 might	 better	
capture	air	pollution	effects	than	single	day	exposures.	As	was	the	case	of	for	the	tobacco	industry,	
the	mining	and	steel	industries	appear	to	have	significant	input	into	the	funding	of	research	into	the	





























































































































































































































































































































































































































































































































































































































































































































































































































Figure	 8:	 SEM	 images	 demonstrating	 the	 typical	 morphological	 aspect	 of	 iron	 PM	 in	 subway	
samples	with	 flaky	and	splintery	morphologies.	Replicated,	with	permission,	 from	Moreno	et	al.	
(2015).	
Figure	9:	TEM	images	showing	the	gradual	oxidation	of	spherical	Fe3O4	NPs	(0	min)	to	form	needle-
like	γ -Fe2O3	particles	(60	min).	Replicated,	with	permission,	from	Park	et	al.	(2015).	
	









